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(54) FUEL REFORMER AND METHOD FOR REFORMING FUEL 

(57)Abstract: 

PURPOSE: To improve starting properties of a fuel reformer by 
constructing a catalyst carrying plate of a fuel reforming reactional part 
from an electrically conductive metal, applying an electric current to the 
plate and generating heat with electrical resistance. 
CONSTITUTION: A fuel is introduced from a fuel inlet 7 into a reformer 
1 , vaporized with a vaporizer 8 and converted into a fuel gas, which is 
then subjected to the reforming reaction with a catalyst in a reforming 
reactional part 9. The resultant reformed gas reformed into a gas rich in 
hydrogen is subsequently led out of an outlet 10 and fed to an engine. 
On the other hand, an exhaust gas from the engine is introduced from an 
exhaust gas inlet 1 1 into the reformer I, passed as a heat source 
required for the reforming reaction through the reforming reactional part 
9, further passed as a heat source required for the vaporizing reaction 
through the vaporizer 8 and subsequently discharged from a discharge 

gas outlet 12. The flow rate of the discharge gas into the reforming reactional part 9 is controlled with a 
regulating valve 1 3. Thereby, the heat quantity is regulated. 
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http://www.ipdl.ncipi.go.jp/homepg_e.ipdl 

* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel reforming machine characterized by for said catalyst support plate to carry 
out electric-resistance generation of heat by consisting of the structure by which a fuel-gas 
passage layer was formed in the reforming catalyst support side side of the catalyst support plate 
with which said reforming reaction section consists of a conductive metal in the fuel reforming 
machine which introduces fuel gas into the reforming reaction section which has a reforming 
catalyst, and reforms fuel gas to hydeogen-rich gas under a heating condition, and being supplied 
a current to the electrode terminal of said structure. 

[Claim 2] The fuel reforming machine of claim 1 characterized by forming a heat-source gas 
passage layer in the opposite side side while said fuel gas passage layer is formed in said 
reforming reaction section in that into which heat-source gas is introduced at the reforming 
catalyst support side side of said catalyst support plate with fuel gas, carrying out the laminating 
of these fuel gas passage layer and the heat-source gas passage layer by turns, and making said 
structure. 

[Claim 3] The fuel reforming machine of claims 1 or 2 characterized by the total resistance of 
said catalyst support plate being 0.1-10ohm. 

[Claim 4] In the fuel reforming approach of reforming fuel gas to hydeogen-rich gas with the 
fuel reforming vessel of claim 1, supplying the obtained reformed gas to an engine or a fuel cell, 
and obtaining a predetermined output The fuel reforming approach characterized by carrying out 
electric resistance generation of heat of the catalyst support plate by giving the current which 
stored electricity the current acquired by operation of an engine or a fuel cell at the 
accumulation-of-electricity means, and the accumulation-of-electricity means stored electricity at 
the time of starting of a fuel reforming machine to the electrode terminal of the structure of a fuel 
reforming machine. 

[Claim 5] The fuel reforming approach of claim 4 characterized by said accumulation-of- 
electricity means consisting of a capacitor and/or a dc-battery. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Industrial Application] This invention relates to a fuel reforming machine and the fuel 
reforming approach to supply [ which mainly reforms the fuel of a hydrocarbon system ] an 
engine and a fuel cell. 
[0002] 

[Description of the Prior Art] in order to allot a fuel electrode and an oxidation pole to 
electrolytic both sides, to raise generating efficiency in the generation-of-electrical-energy 
system by the fuel cell which obtains a cell reaction by supplying hydrogen and oxygen to a fuel 
electrode and an oxidation pole, respectively and to prevent atmospheric environment 
contamination — a fuel electrode - as much as possible — hydrogen — to supply rich gas is 
desired. For this reason, the reforming machine which reforms the fuel gas which uses 
hydrocarbons, such as a methanol, as a principal component according to an operation of a 
reforming catalyst, and makes hydeogen-rich gas is developed. 

[0003] The conventional example of such a reforming machine is shown in JP,4- 160003, A. 
while supplying the fuel gas which consists of a hydrocarbon and a steam to the coil 12 of the 
fuel reforming machine 10 filled up with the reforming catalyst according to this conventional 
example — the heater 14 of the coil exterior — the reforming catalyst bed 18 - heating - 
coincidence — the inside of the fuel gas of a reforming catalyst bed inlet port — oxygen or air — 
adding — the partial oxidation of coal-for-coke-making-ized hydrogen from the interior of a 
reforming catalyst bed - heating - hydrogen — rich reformed gas is manufactured. Furthermore, 
in order to compensate with insufficient heat, the mixed gas which added the natural gas for 
assistant ** to the exhaust gas from the fuel cell is introduced into a heater. 
[0004] Moreover, the internal structure of the reforming machine used about the fuel supplied to 
a methanol engine is shown in JP,60-51603,A, and it fills up with the catalyst 6 in gas- 
passageway 5a of the reforming section 5 divided with the fin 1 1. After the liquid alcohol 
supplied from an inlet port 12 is introduced into the reforming section 5 evaporated by the 
evaporator 9 and reforming is carried out by operation of a catalyst 6 here, it is supplied to an 
engine from an outlet 15. Engine exhaust air is used for the heat source for a reforming reaction, 
and the plate 3 which introduces this from the exhaust air inlet port 18, and makes the external 
surface of the reforming section 5 is heated, and it is constituted so that heat transfer may be 
carried out to the top face 20 and inferior surface of tongue 21 of a fin 1 1 which touch a plate 3. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in order for such a fuel reforming machine 

to have demonstrated the predetermined engine performance, the temperature up needed to be 

carried out to about 300 degrees C, the temperature up took long duration only by the catalyzed 

combustion by the heater from the outside, and starting nature was not desirable. 

[0006] Since the exhaust gas from a fuel cell is also about 100 degrees C in temperature and is 

not spread, even if it uses this as a heat source, sufficient temperature up effectiveness cannot be 

desired. 

[0007] This invention cancels the trouble of such a conventional technique, and aims at 

improving the starting nature of a reforming machine especially. 

[0008] 

[Means for Solving the Problem] In the fuel reforming machine which this invention introduces 
fuel gas into the reforming reaction section which has a reforming catalyst, and reforms fuel gas 
to hydeogen-rich gas under a heating condition in order to attain the above-mentioned purpose 
This reforming reaction section consists of the structure by which the fuel gas passage layer was 
formed in the reforming catalyst support side side of a conductive metal, for example, the 



catalyst support plate of heat-resistant stainless steel, and it is characterized by a catalyst support 
plate carrying out electric resistance generation of heat by supplying a current to the electrode 
terminal of this structure. 

[0009] Heat-source gas shall be introduced into the reforming reaction section with fuel gas, the 
laminating of the fuel gas passage layer formed in the reforming catalyst support side side of a 
catalyst support plate and the heat-source gas passage layer formed in the opposite side side shall 
be carried out by turns, and the structure shall be made. 

[0010] A reforming catalyst is applied to the catalyst support plate side by the side of a fuel gas 
passage layer, or it fills up with it in a fuel gas passage layer. 

[001 1] The resistance per catalyst support plate is about 0.1-0.5ohms. Although the total 
resistance of the layered product of a catalyst support plate changes with connection modes 
(juxtaposition, serials or these mixing, etc.), generally it is about 0.1-10ohms. 
[0012] Moreover, the fuel reforming approach by this invention is reformed to hydeogen-rich gas 
with the fuel reforming vessel of a configuration of having described fuel gas above. It is what 
supplies the obtained reformed gas to an engine or a fuel cell, and obtains a predetermined 
output. It is characterized by carrying out electric resistance generation of heat of the catalyst 
support plate by giving the current which stored electricity the current acquired by operation of 
an engine or a fuel cell at the accumulation-of-electricity means, and the accumulation-of- 
electricity means stored electricity at the time of starting of a fuel reforming machine to the 
electrode terminal of the structure of a fuel reforming machine. 

[0013] A capacitor or a dc-battery is used as an accumulation-of-electricity means, or these are 
used together. The capacitor is suitable as an accumulation-of-electricity means to use an about [ 
1-1000 A ] high current by this invention approach since it can discharge quickly. 
[0014] 

[Function] At the time of starting of a reforming machine, the high current from a capacitor or a 
dc-battery is supplied to the electrode terminal of the structure, the reforming reaction section, 
i.e., a reforming catalyst, is quickly heated by electric resistance generation of heat of the catalyst 
support plate of a conductive metal, and it reaches predetermined temperature (about 300 degrees 
C) quickly by it. 
[0015] 

[Example] The example of this invention in the case of being used as a reforming machine for 
engine combustion is shown in drawing 1 thru/or drawing 3 . 

[0016] This reformed gas is supplied to an engine (or combustor) 2, and drawing 1 obtains a 
predetermined output, after the reforming structure of a system which used this reforming 
machine 1 for engine combustion is shown and reforming of a methanol fuel or the composite 
fuel of a methanol and a steam is carried out to hydeogen-rich gas with the reforming vessel 1. 
The exhaust gas from an engine 2 is introduced into the reforming machine 1, and is used as a 
heat source. 

[0017] Although the above configuration is substantially [ as what is depended on the 
conventional technique ] equivalent, in this invention, the capacitor 4 and dc-battery 5 which 
store electricity the power obtained by AC dynamo 3 which works with the output from an 
engine 2 are formed, and it is constituted so that the current which this capacitor 4 and dc-battery 
5 stored electricity may be alternatively supplied to the reforming machine 1 by control of a 
controller 6. 

[0018] The outline configuration of the reforming machine 1 is shown in drawing 2 . A fuel is 
introduced in the reforming machine 1 from the fuel inlet port 7, is evaporated with a carburetor 



8, and let it be fuel gas. This fuel gas undergoes the reforming reaction by the catalyst in the 
reforming reaction section 9, and the reformed gas by which reforming was carried out to 
hydrogen Rich is drawn from an outlet 10, and it is supplied to an engine 2 ( drawing 1 ). On the 
other hand, after the exhaust gas from an engine 2 is introduced in the reforming machine 1 from 
the exhaust gas inlet port 11, passes the reforming reaction section 9 as a heat source required for 
a reforming reaction and passes a carburetor 8 as a heat source still more nearly required for an 
evaporation reaction, it is discharged from the exhaust gas outlet 12. **** of the exhaust gas into 
the reforming reaction section 9 is controlled by the regulator valve 13, and, thereby, adjustment 
of a heating value is made. 

[0019] While the fuel gas passage layer 14 which the configuration of the reforming reaction 
section 9 is as the A section of drawing 2 being partially shown in drawing 3 , and the fuel gas 
from a carburetor 8 passes is formed in the catalyst support side side of the conductive metal 
plate 16, the exhaust gas passage layer 15 which the exhaust gas from the exhaust gas inlet port 
1 1 passes is formed in the opposite side side. That is, the reforming reaction section 9 is formed 
as the structure 17 to which it comes to carry out the laminating of these fuel gas passage layer 
14 and the exhaust gas passage layer 15 by turns through the conductive metal plate 16. 
Therefore, the fuel gas evaporated in the carburetor 8 is changed into hydeogen-rich gas in 
response to the reforming reaction by the reforming catalyst, while flowing the fuel gas passage 
layer 13 by which the laminating was carried out in the state of a parallel flow toward the 
reformed gas outlet 10. 

[0020] In addition, although the condition that the laminating of the fuel gas passage layer 14 
and the exhaust gas passage layer 15 was carried out to the concurrent type is shown in drawing 
3 , you may come to carry out the laminating of these passage layer to alternating current system. 
[0021] Although not illustrated, a reforming catalyst consists of good conductive metals, such as 
stainless steel, and is applied to the field by the side of the fuel gas passage layer 14 of the 
conductive metal plate 16, or it fills up with it in the fuel gas passage layer 14. 
[0022] Both the openings edge of the conductive several multi-sheet metal plate 16 installed is 
blockaded, respectively by the spacer 19 which consists of an electric insulation ingredient, for 
example, ceramics, in the part of the exhaust gas passage layer 15 again with the spacer 18 which 
consists of a conductive ingredient, for example, stainless steel, in the part of the fuel gas 
passage layer 14. 

[0023] Electrode terminals 20 and 20 are attached in the conductive metal plate which makes the 
lateral surface of the structure 17, and the current from a capacitor 4 and/or a dc-battery 5 is 
supplied. 

[0024] Drawing 4 shows the example of the reforming structure of a system at the time of using 
the reforming machine of this invention about the fuel gas supplied to a fuel cell, and after 
reforming of the fuel gas which consists of a methanol and a steam is carried out to hydeogen- 
rich gas with the reforming vessel 21, it obtains a predetermined output by supplying this 
reformed gas to a fuel cell 22, and driving a motor 23. The unreacted hydrogen gas which was 
not consumed in the fuel cell 22 is introduced into the reforming machine 21, and is used as a 
heat source. 

[0025] In this invention, further, a capacitor 24 and a dc-battery 25 are stored electricity, the 
dump power from a fuel cell 22 and the power by the regeneration energy from a motor 23 are 
alternatively supplied at once at the time of the movement of the reforming machine 21 under 
control according this high current that it stored electricity to a controller 26, and starting nature 
is raised sharply. 



[0026] The outline configuration of this reforming machine 21 is as being shown in drawing 5 . 
Fuel gas is supplied from the fuel gas inlet port 27, it goes into the reforming reaction section 28, 
undergoes the reforming reaction by the catalyst here, is drawn from the reformed gas outlet 29 
as hydeogen-rich gas, and is supplied to the fuel electrode (not shown) of a fuel cell 22. As heat- 
source gas used as the heat source for a reforming reaction, others and methanol evaporation gas, 
heating air, etc. from a fuel cell are used, these heat-sources gas is supplied from an inlet port 30, 
goes into the reforming reaction section 28, turns into exhaust gases, such as a steam and a 
carbon dioxide, and it is discharged from an outlet 31. [ hydrogen gas / unreacted ] 
[0027] The configuration of the reforming reaction section 28 is the same as the configuration of 
the reforming reaction section 9 in the above-mentioned reforming machine 1 for engine 
combustion. That is, as shown in drawing 3 , it is the structure 17 to which the laminating of the 
fuel gas passage layer 14 and the heat-source gas passage layer 15 was carried out by turns 
through the conductive metal plate 16 which supports a reforming catalyst. Electrode terminals 
32 and 32 are formed in the conductive metal plate arranged to the both ends of the structure 17, 
respectively ( drawing 5 ). 
[0028] 

[Effect of the Invention] Since the method which constitutes the catalyst support plate of the 
reforming reaction section with a conductive metal, gives a current to this catalyst support plate, 
and carries out electric resistance generation of heat was adopted according to this invention, 
compared with the heat transfer method from the conventional outside, heat-conducting 
characteristic is very good. 

[0029] and by storing electricity the dump power from an engine or a fuel cell at a capacitor etc., 
and supplying at once this high current that it stored electricity on a catalyst support plate at the 
time of starting of a reforming machine, rapid heating is possible and it is possible to boil the 
starting nature of a reforming machine markedly and to raise it. 

[0030] Since the reforming reaction section is making the structure to which the laminating of a 
fuel gas passage layer and the heat-source gas passage layer was carried out by turns through the 
catalyst support plate, the heating area per unit volume in this reaction section is large, and can 
consider as the compact structure. 



[Translation done.] 



